The pterygopalatine fossa is an important anatomic crossroads that is connected with numerous intra-and extracranial spaces via foramina and fissures. Although this fossa is small, its central location in the skull base and its communications provide clinical, radiological, and anatomical significance. In this pictorial review, we aimed to describe the radiologic anatomy of the pterygopalatine fossa, as well as to give some pathologic examples to better understand this major conduit.
The pterygopalatine fossa (PPF) is an elongated coneshaped narrow space, lying behind the maxillary sinus. The fossa is confined by bony structures: anteriorly, the posterior wall of the maxillary sinus; posteriorly, the pterygoid process of the sphenoid bone; and medially, the perpendicular lamina of the palatine bone [1e3]. Primarily, it contains the maxillary division of the trigeminal nerve, the pterygopalatine ganglion (the largest parasympathetic ganglion in the head and neck region) and the maxillary artery [1, 3] .
In this pictorial review, we aimed to clarify the radiologic anatomy of the PPF, as well as to give some pathologic examples to better understand this major distribution centre.
Radiological Examinations
For the evaluation of head-neck pathologies, computed tomography (CT) is performed in routine clinical studies.
A careful examination of the PPF with CT scans is mandatory. The wideness, bony margins, and the opening foramina and fissures are important key features to look for [1e4]. Furthermore, assessment of the osseous anatomy of the PPF with CT is crucial for performing biopsies or endoscopic techniques and guiding the surgical approach for head-neck interventions in the skull base and sinus region. This is because endoscopic techniques need to access the relationship of the sinus system to neighbouring vulnerable anatomic organizations, and the osseous structures provide recognizable anatomic landmarks. CT is quick, widely available, and inexpensive. But there is a significant radiation burden, and it is not suitable for postsurgical follow-up and serial examinations.
Magnetic resonance imaging (MRI) involves no ionizing radiation and appears to be the most reliable method for grading head-neck tumours. On MRI, T1-weighted sequences are most helpful to determine the PPF because the small neurovascular contents of the PPF are apparent as tiny focus or signal voids on a hyperintense fatty background ( Figure 1 ). MRI is superior in characterising the tumour, and determining the extension and perineural spread. In addition to making a diagnosis, MRI helps to identify patients for surgery, makes staging, aids surgical planning, and provides postsurgical monitoring.
Generally for the PPF evaluation, CT and MRI are complementary techniques. In this pictorial essay, we used mainly CT images for the anatomy section to better understand the bony margins and the exits of the PPF. Besides, we need to use mainly MR images for the pathology section to better understand the lesions and characterise the borders and the extensions.
Anatomy
The PPF communicates with the orbit via the inferior orbital fissure (Figure 2A) , with the middle cranial fossa via the foramen rotundum and vidian canal ( Figure 2 , B and C), with the nasopharynx via the palatovaginal canal ( Figure 2D ), with the infratemporal fossa via the pterygomaxillary fissure ( Figure 2E ), with the nasal cavity via the sphenopalatine foramen ( Figure 2D ), and with the oral cavity via the greater and lesser palatine canals ( Figure 2F ) [1, 3, 4] .
Posterior Border
Posteriorly, the PPF is bounded by the pterygoid process of the sphenoid bone ( Figure 2E ). The base of the pterygoid process of the sphenoid bone contains the foramen rotundum superiorly and vidian canal medially. Foramen rotundum connects the PPF with the middle cranial fossa ( Figures 2B and 3A) . The maxillary branch of the trigeminal nerve leaves the skull via the foramen rotundum and enters the PPF. The vidian canal (also known as the pterygoid canal) is located between the foramen lacerum in the middle cranial fossa and the posteromedial wall of the PPF ( Figures 2C and 3A) . The contents of this canal comprise the vidian artery and vein and the vidian nerve formed by greater petrosal nerve (parasympathetic preganglionic fibers from the facial nerve) and the deep petrosal nerve (sympathetic postganglionic nerve from the superior sympathetic cervical ganglion) [1,3e5] . At the inferior and medial sides of the posterior border of the PPF, the palatovaginal canal is located between the sphenoid and the palatine bones and, connects the PPF with the nasopharynx (Figures 2D and 3A) . The palatovaginal canal contains the pharyngeal branches of the maxillary nerve and artery [3, 6] .
Anterior Border
The anterior border of the PPF is bounded by the posterior wall of the maxillary sinus ( Figure 2E ). In the superior portion of the anterior border of the PPF, the inferior orbital fissure is located, which connects the orbital apex and the PPF (Figures 2A and 3B) [1, 3, 7] . This fissure transmits the zygomatic branch of the maxillary nerve that gives rise to the parasympathetic innervation of the lacrimal gland.
Medial Border
The medial border of the PPF is bounded by the perpendicular plate of the palatine bone ( Figure 2E) [1, 3, 6] . Superiorly, the perpendicular plate has the sphenopalatine notch that forms the sphenopalatine foramen, where it is bordered superiorly by the body of the sphenoid bone ( Figure 2D ). The sphenopalatine foramen connects PPF to the nasal cavity and transmits the sphenopalatine artery and vein as well as the nasal branches of the maxillary nerve ( Figure 3C) [1, 3, 4, 6, 8] .
Lateral Border
Laterally, the PPF communicates with the infratemporal fossa and the masticator space through the pterygomaxillary fissure ( Figure 2E ). It is a vertically oriented triangular fissure, which is formed by the maxillary bone anteriorly and the pterygoid process of the sphenoid bone posteriorly. The fissure contains the terminal part of the maxillary artery and the superior alveolar nerve, which is a branch of the maxillary nerve [1, 3, 4] .
Inferior Apex
Inferiorly, the apex of the inverted cone-shaped PPF is formed by the pyramidal process of the palatine bone. which is in continuation with the greater and lesser palatine canals that open to oral cavity at the posterolateral margin of the hard palate via the greater and lesser palatine foramina ( Figures 2F and 3C) . The lesser palatine canal is located slightly posterior to the greater palatine canal. The greater and lesser palatine canals transmit the descending palatine artery and vein and greater and lesser palatine nerves (branches of the maxillary nerve) [1, 3, 4] .
Superior Roof
Superiorly, the roof of the cone-shaped PPF is formed by the body of the sphenoid bone [1, 3, 7, 8] . Adjacent to the superior border, anteriorly the inferior orbital fissure and Figure 7 . A 16-year-old girl had a diagnosis of neurofibromatosis type 1. The postcontrast, fat-saturated T1-weighted axial plane nasopharyngeal magnetic resonance imaging demonstrates the enlargement in the right pterygopalatine fossa (PPF). The right PPF was obliterated by enhancing mass lesion, which is plexiform neurofibroma (black arrow). There is another neurofibroma in the right foramen ovale (white arrow). Note the sphenoid wing dysplasia of the right side. posteriorly the foramen rotundum are located, as discussed before (Figures 2A, 2B, and 3B) .
Pathology
In addition to an understanding of the normal anatomy of the PPF, it is important to conceptualize the pathologic conditions concerning the PPF according to the ages (Table 1) .
Primary tumours of the PPF, such as the juvenile nasopharyngeal angiofibroma (Figures 4 and 5) , plexiform neurofibroma ( Figures 6 and 7) , or schwannoma may grow inside the PPF and extend into the adjacent spaces through the enlarging fissures and foramina as a natural pathway.
Because it is a strategic crossing point, the PPF can be involved in many pathologic conditions originating from neighbouring regions such as the nasal and the oral cavity, the orbit, the middle cranial fossa and infratemporal fossa, the masticator space, the paranasal sinuses, or the nasopharynx with a direct extension or perineural spread [9e11]. In direct invasion, the tumour that is located in the neighbouring region grows and extends the PPF by penetrating the adjacent wall of the PPF or enlarging the adjacent fissure or foramina ( Figures 8-10) . Moreover, the head and neck tumours may use peripheral nerves along the tissues of the nerve sheath as a direct conduit for tumour growth away from the primary site known as perineural spread [12, 13] . The trigeminal nerve is the most commonly affected cranial nerve because of its extensive network in the head and neck region. Mucosal or cutaneous squamous cell carcinoma, adenoid cystic carcinoma, lymphoma, and rhabdomyosarcoma are the most frequent neoplasms that exhibit perineural spread [11e13]. The presence of perineural spread is associated with higher risk of local recurrence, higher risk of metastases, and decreased survival rates [12] . If perineural spread is detected radiologically, it changes the treatment plan including wider surgical resection, neck dissection, adjuvant therapy, or postoperative radiation therapy, with a larger radiation field to improve local control. The perineural extension can be demonstrated with the use of CT by detecting any enlargement of the PPF or its opening fissures and foramina, or by the erosion of its bony walls [13] . On the other hand, MRI exhibits the obliteration of the fat planes in the PPF, the thickening or enhancement of the nerve fibers, enhancement of foramina in postcontrast images, and muscle denervation atrophy (Figures 11 and 12) [10, 12, 14, 15] . Pregadolinium T1weighted images show the surrounding hyperintense fat pads around the nerve bundles. On postgadolinium T1-weighted images, either the fat suppression or the nonefat-suppression technique can be used [9, 13, 14] .
Conclusion
In conclusion, the evaluation of the PPF is an essential part of the head and neck imaging studies and it is particularly important for the staging of a newly diagnosed head and neck malignancy. Despite its small size, the PPF is not a mystery with the use of the current imaging modalities (combined CT and MRI). A thorough evaluation of the PPF requires one to be familiar with the bony landmarks, relevant anatomy, the communications, and the conditions involving the PPF, and has a great impact. A correct understanding and knowledge of the anatomic structures of PPF, as well as their relationships, is essential for minimizing intraoperative complications and morbidity.
